ach cell faces many challenges during its life cycle. One of the most crucial is ensuring that its genetic patrimony is accurately passed on to daughter cells. In bacteria, the most well-dissected DNA segregation mechanisms are those specified by lowcopy-number plasmids. Whereas highcopy-number plasmids rely on passive diffusion for their distribution at cell division, low-copy-number plasmids require specialized mechanisms. To this end, they encode a "survival tool kit" enabling them to be delivered to and partitioned into daughter cells. This tool kit is specified by a dedicated segregation locus, consisting of three essential components: (i) a gene encoding a polymerizing motor protein with an ATP-or GTP-binding motif, (ii) a gene encoding a DNA-binding protein, and (iii) a cis-acting centromere-like site, located either upstream or downstream of the two genes. Segregation loci have been assigned to three main categories (types I-III) on the basis of the genetic organization of the partition cassette and the phylogenetic relationships among the encoded proteins (1-4). Type I systems include a Walkertype ATPase, denoted as ParA: they are the most widespread segregation modules and are encoded by partition cassettes found on low-copy-number plasmids and on many bacterial and archaeal chromosomes (5). Type II modules encode a NTPase, ParM, which is an ancestral homolog of eukaryotic actin (6) . Although evolutionarily unrelated, both ParA and ParM proteins are polymerization-based engines that assemble into cytoskeletal structures involved in DNA transport, positioning, and segregation (3, 4) . Type III systems were identified more recently: this discovery has opened up unforeseen perspectives on prokaryotic cytoskeletal proteins mediating genome segregation (7) (8) (9) . In PNAS, Ni et al. shed light on the molecular mechanisms underpinning the function of type III partition cassettes by reporting the structures of TubR and TubZ proteins encoded by the pBtoxis plasmid from Bacillus thuringiensis (10) .
Type III segregation modules are found on large plasmids of the Bacillus cereus group of bacteria (7, 9) . The partition cassette of plasmid pBtoxis harbors two genes: orf157 encoding an 11.6-kDa specific DNA-binding protein, known as TubR, and orf156 encoding a 54.4-kDa protein, designated as TubZ, which is a distant homolog of both tubulin and FtsZ (7, 8) . Both orf157 and orf156 are necessary for plasmid maintenance (11) . TubR binds to a cis sequence of four iterons located upstream of the genes (8) . TubZ polymerizes in vivo into filaments that exhibit directional growth and translocate within the cell by treadmilling, elongating at one end while retracting at the opposite end (7). TubZ has also been shown to assemble into two-stranded polymers in vitro upon binding GTP (12) . The protein is characterized by a strong GTPase activity, and as a consequence, TubZ subunits within the polymers are almost entirely in the GDP-bound form. It was suggested that the growing tip of TubZ filaments may contain a GTP cap that stabilizes the polymer (12) .
The report by Ni et al. describes the structure of the TubR protein, the centromere-binding component of the TubRZ system (10) . The authors show that TubR forms a highly intertwined dimer. Each monomer harbors five α-helices and three β-ribbons arranged in the sequence 5 , which contains a winged helix-turn-helix (HTH) motif structurally similar to that found in bacterial transcriptional repressors of the ArsR family (10) . This finding is very intriguing, as to date no DNA segregation protein has been shown to be homologous to the metal-binding transcription factors of the ArsR group. The authors further investigate this parallel by superimposing TubR structure onto that of CzrA from Staphylococcus aureus, the closest structural homolog of the ArsR cluster. The overlay highlights similarities in the winged HTH motif. However, four key differences emerge: (i) TubR forms a dimer that is remarkably distinct from that formed by CzrA; (ii) TubR does not contain the metal-binding motif typical of either the ArsR proteins or any other metal-regulated factor; (iii) the monomermonomer interface is extremely different in the TubR dimer compared with the CzrA dimer; and (iv) the recognition helices of the HTH domain are solvent exposed in CzrA, whereas they are largely buried in the TubR dimer (10) . This last observation raises a unique theme: the recognition helices of the HTH motif mediate dimerization of TubR and in doing so, they remain buried in the monomermonomer interface, leaving only some N-terminal residues accessible for other interactions. Interestingly, in this case the recognition helices of TubR are involved in protein-protein contacts as opposed to the conventional and well-established role in protein-DNA association.
If the so-called recognition helices are not available to make contacts with DNA, how does TubR bind to the centromere? The Schumacher team has identified a large basic patch on the surface of TubR: this region includes residues Arg-74, Arg-77, and Lys-79 located in the wing (the loop between β 2 and β 3 ) adjacent to the HTH and Lys-43 in the α 3 helix preceding the recognition helix, α 4 , in the HTH signature (10) . A mutational analysis confirmed that these positively charged residues are crucial for DNA binding, indicating that this patch represents the bona fide DNA-binding domain of TubR.
In addition, a model illustrating the mechanistic interaction of TubR with DNA was constructed by docking a DNA duplex onto the basic patch of TubR. The model reveals that the wings (one from each monomer) interact with consecutive minor grooves of the DNA, whereas the N termini of the recognition helices are inserted into a single major groove (10) . The classical architecture of HTH-DNA complexes involves the introduction of the recognition helices into successive major grooves of the DNA. Therefore, the strategy adopted by TubR to recognize DNA with its winged HTH domain is a unique finding that has major implications not only in the field of genome segregation, but also in that of mechanisms of protein-DNA interaction.
Once a centromere-binding protein has found and bound its cargo, either plasmid or chromosome, it associates with the partner motor protein (2, 3). Ni et al. show that TubZ binds the TubR-plasmid complex by using its C terminus. To understand the role and behavior of this distant relative of tubulin and FtsZ, the authors solve the structure of pBtoxis TubZ (1-428) in its apo-and GTPγS-bound forms. The structures reveal that TubZ is monomeric and confirm that TubZ is a member of the tubulin/FtsZ family of cytoskeletal proteins (10) . Although substantially similar, the structures of tubulin, FtsZ, and TubZ display significant differences in their N and C termini, which reflect the divergent function-dependent specialization and the diverse interactions of these proteins with various binding partners. The N terminus of TubZ comprises a helix, H0, which is also present in the N-terminal region of Methanococcus jannaschii FtsZ. However, whereas H0 is rather flexible and involved in monomermonomer association during protofilament assembly in M. jannaschii FtsZ, the H0 helix of TubZ is tightly tethered to its C terminus and exhibits no changes in conformation following polymerization. Further, the extreme C-terminal tips of tubulin, FtsZ, and TubZ are structurally very different. Again, divergent structures have evolved for diverse tasks, as the FtsZ C terminus mediates the binding of FtsA and ZipA, which anchor the FtsZ ring to the membrane (13); the C-terminal domain of tubulin interacts with multiple proteins, including microtubule-associated proteins (MAPs), which modulate microtubule dynamics (14) ; and the C terminus of TubZ associates with TubR (10). Another interesting finding that emerges from the data of Ni et al. concerns the assembly of TubZ into protofilaments. The authors suggest that, upon GTP binding, TubZ forms protofilaments, in which longitudinal monomer-monomer contacts are quite different from those in FtsZ and tubulin polymers. They also suggest that TubZ does not assemble into higher-order structures like microtubules.
How does the TubR-TubZ machine drive segregation of the pBtoxis plasmid at cell division? The study by Ni et al. provides key insights into this mechanism. Quadruplet TubR dimers bind to their attachment site on the pBtoxis plasmid and hold this cargo (Fig. 1) . Apo-TubZ monomers bind GTP and assemble into a linear protofilament that can be described as a moving cable car. The TubRpBtoxis complex hops on the TubZ polymer via the interaction of TubR with the surface-exposed, flexible C-terminal tip of TubZ subunits. GTP hydrolysis within the TubZ polymer generates treadmilling, elongation at the plus end and retraction at the minus end, resulting in the translocation of the plasmid to the cell pole. How does pBtoxis hop off the TubZ cable car once the cell pole is reached? Ni et al. propose that the bending of the TubZ filament at the cell pole exerts strain on the bound cargo, causing the detachment of TubR-pBtoxis.
Although the picture of TubRZmediated DNA segregation is taking shape, many tesserae of the mosaic are still missing. How does the TubZ filament find the TubR-pBtoxis complex? Is this complex "waiting" to hop on at specific stops along the route of the TubZ cable car? Is the TubZ polymer somehow tethered to the cell membrane or is it a "floating" filament? How are the newly replicated plasmids delivered to opposite cell halves? Is TubR involved in TubZ polymer remodelling dynamics? All these questions, and more, represent future challenges that will widen the horizons of the molecular mechanisms of genome segregation and of the dynamics of prokaryotic cytoskeletal structures.
